This paper presents the results of a STEM Accelerator focused redesign of the 'Foundation of Engineering' course at University of Texas at El Paso (UTEP) towards a more handson, interactive, and project based effort while also providing them with the tools and lifestructure needed to be successful in Engineering study. As part of this effort, the following tools are highlighted: Winning The First Month; Math Stress Quests; and Semester Project.
I. Background on Undergraduate Engineering Issues
In recent decades engineering schools worldwide are focusing on the first year students due to many concerns about students dropping out during this introductory year.
There is widespread industry concerns about decreasing levels of mathematical ability and a recognized need to develop the communication and other inter-personal skills needed to ensure lifelong learning aspirations for the students. Many researchers debate between the importance of professional training versus education and determine whether to teach first year students fundamentals of engineering first or help to inspire them to become motivated about an engineering career [1] . However, there is a consensus on the need for first year engineering students to learn how to approach their studies and degree in a meaningful manner without getting into bad habits or survival strategies. Since first year students receive their first impressions of what engineering, they need to be potential of engineering, they may drift into other career paths. The Institution of Engineers, Australia, prioritized an understanding of human, socio-economic, and environmental challenges that engineers face today during any systems development [2] . The Council for Industry and the Department for Education and Employment, UK, investigated that employers are now looking for transformative employees who can use their higher-level technical skills, such as analysis, critique, and synthesis along with multilayered communication skills to facilitate an innovative corporate culture [3] . As a result, universities would be required to teach graduates to be creative and innovative, communicate effectively, thrive in a multidisciplinary teams, solve novel problems, and be aware of the broader obligations of engineers to society. Many engineering schools have attempted to implement strategies for their first year to address these issues seen across the world by modifying legacy engineering education and implementing novel approaches to work effectively in realworld environments.
Fleming et al (2006) found 1) lack of faculty guidance/advisement, 2) lack of community engagement, 3) scholarship/financial dilemmas, and 4) difficulty in mathematics courses as the main reasons for students leaving engineering majors.
Particularly intriguing was the fact that even students that were awarded competitive academic scholarships (top grades and very high SAT scores) left their respective engineering programs after their first year, expressing anxiety with core engineering course (calculus) affecting their ability to maintain their required GPA and thus result in loss of their scholarship [4] .
Consequently, there is a need to develop a first-year engineering curriculum that takes into consideration the diverse academic, social, cultural, and economic backgrounds of an incoming class of students. Although academically well prepared, today's student lack the discipline to be individually responsible for the largely self-directed study required in college [5] . Today's successful programs need to address the consciousness or understanding of faculty and implement innovative programs for first-year engineering students. Thus, programs need to implement effective advising techniques, creative learning communities, exposure to advanced technologies, and understand needs of students from diverse backgrounds.
II. Introduction to Novel Pedagogical Methods
The Each student and their experiences will be unique but, by developing activities which help students to integrate into the academic and social framework at their institution and through developing resources and support to help students cope with the demands of the course, more students will share a good first year experience.
Another key aspect of enhancing first-year engineering experiences is the introduction of freshman-year class projects [8] . For most students, engineering, in the context of authentic practice, and to experience the integrative, creative aspects of the engineering profession are the most appealing aspects of their degree pursuit. There is no doubt that a foundation of theory and analysis must be established before engaging in creative and integrative experiences, but many students will acquire these most effectively if they experience their application in a creative, integrative application. To help bridge the gap between the professions a student may eventually want to practice and the necessary preparation for that profession, well-designed courses in the first year are necessary. Consequently, an engineering design experience through a semester long project in the first year may provide a foundation that will solidify and integrate student's education [8] .
III. Redesigning 'Foundations of Engineering' Course
As evident from the literature review teaching should combine theoretical knowledge with practical skills, while understanding its social, cultural, and ethical implications on learning. This philosophy involves going beyond classroom-type, lecturebased education, and emphasize practical skills in real world projects. In general, first year engineering students are fascinated by how industrial products are made and are curios regarding novel methods for making products. Exposure to advanced manufacturing technologies and the need for integration of technologies from several disciplines to understand the sophistication and knowledge benefits the student's pursuit of such endeavors. As a result, more emphasis on hands-on exposure to advanced technologies for first year engineering students in the 'Foundations of Engineering Course' was emphasized in this research. The redesign was made possible by The Texas Regional STEM Degree
Accelerator initiative which focused on supporting regional teams of education and workforce partners to expand the number of students with STEM credentials and ensure that underrepresented students in Texas earn STEM degrees.
Active learning via semester-long real-world projects helped students realize a deeper understanding of theoretical principles and created learning environments that enhanced knowledge-building, encouraged team-building activities, and improved oral presentation skills of the students. Each student is unique in his abilities and is inclined to learn in different ways and thus it was important to broaden the way courses are taught to address these differences. First year engineering students have a hard time communicating and working in teams and through the redesign the students worked in semester long team projects with hands-on training of advanced technologies such as CAD and Additive
Manufacturing Systems. Active learning through semester long team project better prepared them for the rigors of engineering education and helped students get an appreciation for what it is to be an Engineer.
The above efforts assisted in changing the current UNIV 1301 course from a teacher dominated instruction and philosophy course to a more student learning centered, engaging, hands-on, engineering problem solving course that improved student-faculty interaction and student motivation. Although some basic manufacturing technologies were be used to build products, a majority of the course included hands-on activities aimed at improving understanding of the 'Engineering Design Process' as part of a semester long team project. In demand soft skills such as communication, teamwork, and interdisciplinary engagement were highlighted and encouraged.
In this paper some of the tools utilized to assist in the redesign of the 'Foundations of Engineering' course are detailed below:
1. Winning The First Month: The first interactions with freshmen engineering students set the tone for the rest of the semester. So, instead of having them go through a theory dominated textbook style lectures in their first few weeks, a new tool was implemented.
'Winning The First Month' required students to work as teams to build useful products quickly using unique raw materials (Think 'Chopped' for Engineers) in the first 2-3 weeks of the course. For my 'Foundations of Engineering' course students were tasked with designing and building a boat to carry a filled soda can (Float The Boat). Students
were not provided with any other guidelines and utilized their creativity to come up with the final solution. Figure 1 shows an engaging, excited group of students interacting, communicating, and working as a team during the exercise. This was an essential tool, because the experience made me realize that most students think that they are forced to take this course and have low engagement during the lectures. . This activity was designed to change the student's perception of a boring forced course to a fun, engaging course, improved their excitement for the many handson activities that followed in the rest of the semester, and prepared them for the rigors of an Engineering Education. In the survey, the respondents indicated that 'Float the Boat' hands-on project increased their creative thinking in design significantly.
Math Stress Quests:
When teaching math problems, students were tasked with identifying real-world examples in and around the classroom building, thereby increasing interactions. Hands-on in-class activities, especially those requiring them to go out of class to identify real-world applications while learning were essential engagement tools improving student-faculty interactions. When teaching vectors, students were asked to determine the distance between two locations on campus using the principles learned during the Vectors Math lecture. Although, the results were approximations, the exercise helped them quickly relate how vectors could be useful during voyages. Figure 2 illustrates the locations on campus and the path the students took. The students then utilized their knowledge of vectors to determine the distance and the direction of the final destination from the initial location. In the survey, the 67 % of the respondents felt that such exercises helped them very much in understanding Math relevance in real-world scenarios. The 'Foundations of Engineering' course represented the bias that we see in the Engineering profession today with only 5 out of 29 student being female students. A particular challenge came across when they were divided into groups for the semester projects. To promote the formation of a diverse group for semester projects for maximum creativity sometimes means that there may be only one female student within the group of 4.
As part of course redesign involving semester projects with real tangible manufactured products female students were encouraged and mentored to take a leadership role in the design and fabrication decisions pertaining to the product. This started from the 'Winning Day One' exercise, where they were encouraged to lead the group in the completion of the project. In regular conversations with the female students, this helped them achieve the mentality of being a very important part of the group throughout the semester. The motivational aspects of female students were discussed on a regular basis to ensure in creating a positive outlook on engineering profession.
The course content explanations were tailored to address challenges faced by female students as it relates to all applicable concepts. This helped the female students have a positive view of the STEM field and motivate their pursuit of the STEM degrees.
Throughout the course the female students were encouraged to pursue opportunities to be leaders in all in-class group exercises, activities, and projects. The semester project provided regular exposure to these skills during the semester and their leadership role in these projects was encouraged through timely faculty mentorship. Finally, to ensure that external pressure and circumstances did not deter them from their goals, the understanding and importance of self-motivation was discussed. Successful female engineers were invited to speak to the class to provide the motivation and discuss the skills required to become a successful female engineer. The above assertions, although just opinions at this time, were derived from the positive evaluations for the course and the professors impressions of the female students grades in the course.
IV. Conclusions and Discussion
Engineering schools worldwide are focusing on improving the first year student experience due to many concerns about students dropping out during this introductory year.
Industry concerns about decreasing levels of mathematical ability and a recognized need to develop the communication and other inter-personal skills mandate the redesign of traditional first ear student experiences. Consequently, a first-year engineering curriculum that takes into consideration the diverse academic, social, cultural, and economic backgrounds of an incoming class of students is needed.
In this research, the effectiveness of on hands on exposure to advanced technologies and the engineering design process for first year engineering students in the 'Foundations of Engineering Course' was presented. The tools described in this paper helped changed first year engineering student's perception through engaging courses that simultaneously also prepares them for the rigors of an Engineering Education. Students were continually tasked with identifying and discussing real-world examples in and around the classroom building, thereby increasing interactions. The semester project helped achieve the modern student learning goals focused on hands-on learning, creativity, team communication, and understand the need to multi-disciplinary skills integration. Motivation for the female engineering student facing the reality of a male dominated engineering job market, through honest regular dialogue during the course and mentoring was key for them to achieve success in this challenging environment and was constantly promoted in the course.
The above efforts assisted in changing the 'Foundations of Engineering' course from a teacher dominated instruction and philosophy course to a more student learning centered, engaging, hands-on, engineering problem solving course that improves studentfaculty interaction and student motivation which will better prepare them to have a successful engineering education and career. In the survey, all respondents felt that the redesigned course re-enforced their commitment pursue a STEM education and career.
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